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PRIORITY APPLN. INFO. : SE 1999-2601 A 19990706 

US 1999-143632 P 19990714 
AB The present invention relates to new recombinant adenovirus with 

changed tropism. In the adenovirus the native 

fiber protein, comprising a fiber tail, a fiber 

shaft and a fiber knob including a trimerization 

motif, has been changed in that the native knob contg. the cell binding 

structure and the native trimerization motif has been removed 

and a new cell-binding ligand and an external trimerization 

motif have been introduced into the virus fiber. The invention 

also relates to the recombinant adenovirus for the treatment of 

human diseases, either in vivo or by in vitro methods. Also included is 

a 

method for rescuing of recombinant adenovirus fibers 
into the adenovirus genome . 
REFERENCE COUNT: 5 

REFERENCE ( S ) : (1) Genvec Inc; WO 9626281 Al 1996 CAPLUS 

(2) Genvec Inc; WO 9720051 A2 1997 CAPLUS 

(3) Susan, C; JOURNAL OF VIROLOGY 1997, V71(6), P4782 
;(4) The Uab Research Foundation; WO 9941359 Al 1999 

CAPLUS 



(5) The University Of Alabama At Birmingham Research 
Foundation; WO 9720575 Al 1997 CAPLUS 
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Genetic targeting of an adenovirus vector via replacement 

of the fiber protein with the phage T4 fibritin. 

Krasnykh V; Belousova N; Korokhov N; Mikheeva G; Curiel D 

Division of Human Gene Therapy, Department of Medicine, 
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SOURCE: 
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LANGUAGE : 
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ENTRY DATE: 



AB 



the Gene Therapy Center, University of Alabama at 
Birmingham, Birmingham, Alabama 35294, USA. 
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JOURNAL OF VIROLOGY, (2001 May) 75 (9) 4176-83. 
Journal code: KCV; 0113724. ISSN: 0022-538X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200105 

Entered STN: 20010521 
Last Updated on STN: 20010521 
Entered Medline: 20010517 
The utility of adenovirus (Ad) vectors for gene therapy is 
restricted by their inability to selectively transduce disease-affected 
tissues. This limitation may be overcome by the derivation of vectors 
capable of interacting with receptors specifically expressed in the 
target 

tissue. Previous attempts to alter Ad tropism by genetic 

modification of the Ad fiber have had limited success 

due to structural conflicts between the fiber and the targeting 

ligand. Here we present a strategy to derive an Ad vector with enhanced 

targeting potential by a radical replacement of the fiber 

protein in the Ad capsid with a chimeric molecule 

containing a heterologous trimerization motif and a 

receptor-binding ligand. Our approach, which capitalized upon the overall 
structural similarity between the human Ad type 5 (Ad5) fiber 
and bacteriophage T4 fibritin proteins, has resulted in the 
generation of a genetically modified Ad5 incorporating 
chimeric fiber- fibritin proteins targeted to 

artificial receptor molecules. Gene transfer studies employing this novel 
viral vector have demonstrated its capacity to efficiently deliver a 
transgene payload to the target cells in a receptor-specific manner. 
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Adenovirus type 5 viral particles pseudotyped with 
mutagenized fiber proteins show diminished infectivity of 
coxsackie B-adenovirus receptor-bearing cells. 
Jakubczak J L; Rollence M L; Stewart D A; Jafari J D; Von 
Seggern D J; Nemerow G R; Stevenson S C; Hallenbeck P L 
Genetic Therapy, Inc. /A Novartis Company, Gaithersburg, 
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AB A major limitation of adenovirus type 5 (Ad5) -based gene 

therapy, the inability to target therapeutic genes to selected cell 
types, 

is attributable to the natural tropism of the virus for the 
widely expressed coxsackievirus -adenovirus receptor (CAR) 
protein. Modifications of the Ad5 fiber knob 

domain have been shown to alter the tropism of the virus. We 
have developed a novel system to rapidly evaluate the function of 
modified fiber proteins in their most relevant 
context, the adenoviral capsid. This transient 

transf ection/inf ection system combines transfection of cells with 
plasmids 

that express high levels of the modified fiber 

protein and infection with Ad5.beta gal. Delta F, an E1-, E3-, and 
fiber-deleted adenoviral vector encoding 

beta-galactosidase . We have used this system to test the 

adenoviral transduction efficiency mediated by a panel of 

fiber protein mutants that were proposed to influence 

CAR interaction. A series of amino acid modifications were 

incorporated via mutagenesis into the fiber expression plasmid, 

and the resulting fiber proteins were subsequently 

incorporated onto adenoviral particles. Mutations 

located in the fiber knob AB and CD loops demonstrated the 

greatest reduction in fiber-mediated gene transfer in HeLa 

cells. We also observed effects on transduction efficiency with 

mutations in the FG loop, indicating that the binding site may 

extend to the adjacent monomer in the fiber trimer and 

in the HI loop. These studies support the concept that 

modification of the fiber knob domain to diminish or 

ablate CAR interaction should result in a detargeted adenoviral 

vector that can be combined simultaneously with novel ligands for the 

development of a systemically administered, targeted adenoviral 

vector. 
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AB Targeting of adenovirus (Ad) -encoded therapeutic genes to specific cell 

types has become a major goal in gene therapy. Redirecting the 
specificity 

of infection requires the abrogation of the natural interaction between 
the viral fiber and its cellular receptors (CAR) and the simultaneous 
introduction of a new binding specificity into the viral capsid. To 
abrogate the natural affinity of the fiber, we have mutated 
residues presumed to be directly or indirectly involved in CAR-binding in 
the knob domain of the fiber protein. These residues are located 
in the AB loop (Ser408) and in the DG loop (Tyr491, Ala494, Ala503) . The 
mutations Ser408Glu, Tyr491Asp, Ala494Asp and Ala503Asp did not 
prevent the incorporation of trimeric fibers in the viral capsid 
but led to loss of CAR binding in vitro. Infectivity of the mutant 
viruses 

could be restored in vitro by introducing a ligand at the C-terminal end 
of the knob, confirming that the reduced infectivity of the fiber- 
modified virus was due to an impaired interaction of the viral 
particle with the CAR receptor. However, after systemic delivery, the in 
vivo biodistribution of impaired CAR-binding viruses without addition of 

a 

specific ligand was not altered when compared with wild-type Ad. 
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Entered Medline: 20001204 
AB Some inborn errors of metabolism due to deficiencies of soluble lysosomal 
enzymes cause global neurodegenerative disease. Representative examples 
include the infantile and late infantile forms of the ceroid 
lipofuscinoses (CLN1 or CLN2 deficiency, respectively) and 
mucopolysaccharidoses type VII (MPS VII), a deficiency of 
beta-glucuronidase. Treatment of the central nervous system component of 
these disorders will require widespread protein or enzyme 
replacement, either through dissemination of the protein or 



through dissemination of a gene encoding it. We hypothesize that 
transduction of brain microcapillary endothelium (BME) with recombinant 
viral vectors, with secretion of enzyme product basolaterally, could 

allow 

for widespread enzyme dissemination. To achieve this, viruses should be 
modified to target the BME. This requires (i) identification of a 
BME-resident target receptor, <ii) identification of motifs targeted to 
that molecule, (iii) the construction of modified viruses to 
allow for binding to the target receptor, and (iv) demonstrated 
transduction of receptor-expressing cells. In proof of principal 
experiments, we chose the human transferrin receptor (hTf R) , a molecule 
found at high density on human BME. A nonamer phage display library was 
panned for motifs which could bind hTfR. Forty-three clones were 
sequenced, most of which contained an AKxxK/R, KxKxPK/R, or KxK motif. 

Ten 

peptides representative of the three motifs were cloned into the HI loop 

of adenovirus type 5 fiber. All motifs tested retained 

their ability to trimerize and bind transferrin receptor, and 

seven allowed for recombinant adenovirus production. 

Importantly, the fiber-modified viruses facilitated 

increased gene transfer (2- to 34-fold) to hTfR expressing cell lines and 
human brain microcapillary endothelia expressing high levels of 
endogenous 

receptor. Our data indicate that adenoviruses can be 
modified in the HI loop for expanded tropism to the 
hTfR. 
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WO 1999-US3233 W 19990216 
The present invention provides means to modify the 
tropism of recombinant adenoviral vectors using genetic 
methods to alter the adenoviral fiber cell-binding 
protein while maintaining the native trimeric 
protein biosynthesis profile. The present invention further 
provides means to specifically target particular cell types for infection 
with said recombinant adenoviral vectors. In a preferred 
embodiment, the recombinant adenovirus vector comprises 
fiber replacement proteins composed of the fiber tail 

domain, a portion of the fibritin gene from the bacteriophage T4, and a 
ligand domain. The vector may also encode a therapeutic gene, such as 

herpes simplex virus thymidine kinase gene which, along with ganciclovir, 
can be used to specifically kill tumor cells. 
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NOVELTY - A recombinant adenovirus (I) comprising a 
fiber gene modified in the HI loop domain of the fiber 
knob, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(1) killing tumor cells by: 

(a) administering (I), and 

(b) treating the individual with ganciclovir; 

(2) providing gene therapy by administering (I); and 

(3) increasing the ability of an adenovirus to transduce a 
cell by modifying the fiber gene in the HI loop domain of the 
fiber knob of (I) . 

ACTIVITY - Cytostatic. 

MECHANISM OF ACTION - None given. 

USE - The modified adenovirus has an altered 
tropism, which allows the adenovirus to be targeted to 
selected cell types. The recombinant adenovirus can be used to 
provide gene therapy for individuals suffering from cancer, cystic 
fibrosis and Duchene's muscular dystrophy (claimed). 

ADVANTAGE - Incorporation of an RGD containing peptide in the HI 

loop 

of the fiber knob domain results in the ability of the virus to 
utilize an alternative receptor during the cell entry process. 
Modifying the adenovirus fiber knob 
protein increases the ability of an adenovirus to 
transduce a tumor cell in vitro, in vivo and ex vivo (claimed) 
vector 

Ad 5 FH I FLAG incorporating an RGD peptide (CDCRGDCFC) demonstrated two to 
three orders of magnitude of increased gene transfer to ovarian cancer 
cells. 
Dwg. 0/27 
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Entered Medline: 20000229 
AB The utility of current generation adenoviral vectors for 

targeted, cell-specific gene delivery is limited by the promiscuous 
tropism of the parent virus. To address this issue, we have 
developed both genetic and immunologic methods to alter viral 
tropism. Immunologic retargeting has been achieved via conjugates 
comprised of an antifiber knob Fab and a targeting moiety consisting of a 
ligand or antireceptor antibody. Gene delivery by this approach has been 
accomplished via a variety of cellular pathways including receptors for 
folate, FGF, and EGF. In addition to cell-specific gene delivery, this 
strategy has allowed enhanced gene delivery to target cells lacking the 
native adenoviral receptor, CAR. Of note, this specific and 
extended gene delivery allowed enhanced survival in murine models of 

human 

carcinoma via cancer gene therapy. Genetic strategies to alter 

adenoviral tropism have included both fiber 

modification and fiber replacement. In the former, we 

have identified the HI loop of fiber as a propitious locale for 

introduction of heterologous peptides. Incorporation of an RGDC peptide 

at 

this locale allowed gene delivery via cellular integrins with dramatic 
efficiency augmentations. As a strategy to achieve both new 
tropism as well as to ablate native tropism, methods 
have been developed to replace the fiber protein with 
heterologous motif which preserves the key trimeric quaternary 
structure of fiber and allows for propagation. Such a 
fiber-replacement virus has been rescued and has demonstrated 
capacities consistent with its utility as a novel vector agent. These 
strategies have allowed the achievement of cell-specific gene delivery 

via 

adenoviral vectors and thus have the potential to enhance the 
utility of this vector agent. 
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The utility of current recombinant adenovirus vectors for gene therapy 
applications is improved by designing targeted vectors capable of gene 
delivery to selected cell types in vivo. In order to achieve such 
targeting, incorporation of ligands in the adenoviral fiber protein, in 
which the protein mediates primary binding of adenovirus to its cell 
surface receptor, utilizes the HI loop of the fiber knob as a convenient 
locale for incorporation of heterologous ligands. Recombinant fiber 
proteins expressed in a variety of cells including baculovirus-inf ected 
insect cells and E. coli to demonstrate that the incorporation of the 

octapeptide into the HI loop does not ablate fiber trimerization 
and does not disturb formation of the cell-binding site localized in the 
knob. A recombinant adenovirus of the instant invention having this 
modified fiber shows that a short peptide sequence engineered in the knob 
is compatible with the biol. functions of the fiber. A peptide 
incorporated into the knob according to the invention remains available 
for binding in the context of mature virions contg. modified fibers. The 
invention incorporates heterologous ligands into the HI loop of the fiber 
knob and the properties of this locale are consistent with its employment 
in adenovirus re-targeting strategies. 
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New primer (I) consists of monomers (II) each having: 

of 



(i) an N-terminus 



an adenoviral fibre protein (A), and (ii) a 

trimerisation domain (TD) is new. (I) has lower affinity for 
native substrate than the native adenoviral fibre 
trimer. Also new are: (1) composition (B) of (I) plus an 
adenoviral penton base (III) ; (2) adenovirus containing 

(I); (3) cell line (C) expressing a non-natural cell-surface receptor to 
which adenovirus having an appropriate ligand can bind; (4) 
methods for purifying or inactivating adenovirus having a 
substrate-specific ligand, and (5) chimaeric blocking 



protein (IV) that includes a substrate for adenoviral 
fibre . 

USE - The cell lines of (3) are used: (i) to propagate 
adenovirus for use as gene therapy vectors (for in vitro or in 
vivo applications); (ii) as reagents for studying adenoviral 
attachment and infection, and (iii) in receptor-ligand interaction 
assays. 

(I) can be used in similar assays and as adhesion proteins. Method (4)' is 
particularly used to inactivate adenovirus in blood or lymph and 

(IV) are used to interfere with adenoviral targeting, i.e. to 
reduce native tropism and alter adenoviral receptor 
binding. 

ADVANTAGE - The new viruses produce minimal ectopic infection (they 
can not infect native host cells) so are safer as vectors and can be 
engineered for selective targeting to other cells. 
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